Genome sequences contain all the necessary information-both coding and regulatory sequences-to construct an organism. The developmental process translates this genomic information into a three-dimensional form. One interpretation of this translation process can be described using gene regulatory network (GRN) models, which are maps of interactions among regulatory gene products in time and space. As high throughput investigations reveal increasing complexity within these GRNs, it becomes apparent that efficient methods are required to test the necessity and sufficiency of regulatory interactions. One of the most complete GRNs for early development has been described in the purple sea urchin, Strongylocentrotus purpuratus. This work has been facilitated by two resources: a well-annotated genome sequence and transgenes generated in bacterial artificial chromosome (BAC) constructs. BAC libraries played a central role in assembling the S. purpuratus genome sequence and continue to serve as platforms for generating reporter constructs for use in expression and regulatory analyses. Optically transparent echinoderm larvae are highly amenable to transgenic approaches and are therefore particularly well suited for experiments that rely on BAC-based reporter transgenes. Here, we discuss the experimental utility of BAC constructs in the context of understanding developmental processes in echinoderm embryos and larvae.
Introduction
As model organisms, sea urchins and other echinoderm species have yielded many important discoveries in the fields of developmental biology (e.g. pronuclear fusion during fertilization [1, 2] ), cell biology (e.g. the prediction [3] and discovery [4] of cyclins), immunology (e.g. phagocytosis of foreign objects by mesenchymal cells [5] ) and, more recently, regulatory biology [6] (reviewed in [7] ). Echinoderms entered the genomic era with the sequencing of the genome from the purple sea urchin (Strongylocentrotus purpuratus; [8] ). This milestone genome was the first sequenced from a marine invertebrate and the largest non-mammalian assembled genome (814 Mb). To assemble this sequence, higher coverage whole-genome shotgun sequencing (WGS) was combined with lower coverage sequencing of a series of tiled bacterial artificial chromosomes (BACs) [8] . For this technique, known as clone-array pooled shotgun sequencing (CAPPS) [9] , low-coverage sequence was generated from about 8000 ordered and oriented BACs to provide a structural framework onto which the WGS sequences could be confidently assembled [10] . As the purple sea urchin exhibits substantial regions of repetitive sequences and high heterozygosity and an outbred animal was used for the genome sequence, the CAPPS strategy was particularly useful for assembling this genome. Moreover, the BAC libraries that were originally generated as genomic resources continue to serve as invaluable tools for functional genomics.
BACs were developed as one of several strategies designed to increase the limited size of the inserts that could be cloned into genomic vectors. The first of these systems was yeast artificial chromosomes (YACs) [11] . Yeasts have very efficient doublestranded DNA break and repair pathways, which facilitate rapid YAC construction; YAC vectors are capable of carrying genomic fragments of up to 1 Mb. However, these linear artificial chromosomes are fragile and difficult to separate from endogenous yeast DNA. Thus, new bacteria-based systems were developed using more stable vectors based on sequences from the P1 bacteriophage (P1-derived artificial chromosomes) or the functional fertility plasmid (F-plasmid) from the bacterium Escherichia coli (BACs) [12, 13] . BAC vectors can contain inserts of up to 350 kb, exhibit a reduced recombination rate compared to YACs and are significantly easier to manipulate and isolate. The introduction of phage-based homologous recombination systems (discussed in detail below) [14] further increases the efficiency of generating and modifying specific BAC sequences for functional genomic analyses.
BAC clones are particularly useful for experimental assays in echinoderm embryos, because sea urchins are highly amenable to transgenic manipulation. In this system, exogenous DNA fragments microinjected into zygotes are incorporated into the genomic DNA and replicated with the endogenous genome during mitosis. Before incorporation, the exogenous DNA fragments concatenate such that many copies of the transgene are inserted into a random site within the genome [15] . Although microinjection is typically performed within minutes of fertilization, individual blastomeres can be injected at up to the fourcell stage as an experimental chimeric platform [16, 17] . This method can be used to efficiently analyze many constructs, as thousands of zygotes can be injected in one sitting with nearly 100% incorporation. Because incorporation occurs during mitosis, transgenic sea urchin embryos are chimeric such that BACs are present in a proportion of cells (e.g. half the cells if incorporation occurs during first cleavage but only a quarter of the cells if the BAC is incorporated during second cleavage). Experimental evidence indicates that exogenous DNA is most commonly integrated during the 4th or 5th cleavages but may occur up to 7th cleavage (1/128 of cells) [18, 19] .
The generation of transgenic embryos has served as the foundation for understanding the regulatory circuitry that controls embryonic development [20, 21] . Injecting constructs that couple predicted regulatory regions with sequences encoding reporters (e.g. fluorescent proteins) is the central method to assess the capacity of exogenous DNA segments to control transcription [15, 18] . Originally, this method relied on relatively small regions of regulatory DNA (3-5 kb) that were cloned into plasmid vectors. In embryos transgenic for artificial DNA constructs, often all or part of the spatial and temporal expression patterns of the endogenous sequences are recapitulated [22, 23] . However, these experiments are limited by the maximum insert size of standard plasmids. In the purple sea urchin genome, the average intergenic distance is 30 kb [8] , and, as in other systems, regulatory regions can span large regions of genomic DNA [24] .
In contrast to plasmids, the S. purpuratus BAC libraries harbor much larger insert sizes (on average, 140 kb; Table 1 ) [25] . As methods were developed to engineer specific BAC-based reporter constructs using sequences that encode fluorescent proteins or other tags, this became the construct of choice for characterizing gene regulatory logic and for efficient, precise localization of gene expression. Experiments to assess the fate of transgenic BAC DNA in sea urchin embryos indicate that most DNAs injected as large insert clones remain intact following genomic integration (J. Rast, unpublished data).
Here, we present a summary of echinoderm BAC resources and review the experimental strategies that have been used to investigate regulatory biology in echinoderm embryos and larvae. We do not present detailed protocols but instead refer to those that have been published elsewhere. The efficiency of transgenesis in many echinoderm embryos, in combination with these BAC library resources and recombination-based strategies for precise alteration of large insert clones, provides a wealth of approaches for reporter construction, genetic manipulation and regulatory analysis.
Echinoderm BAC libraries
As a resource for the Sea Urchin Genome Project [10] , the purple sea urchin BAC libraries were constructed from the sperm of a single animal (the same animal from which the genomic sequence was generated) using several cloning strategies and target insert sizes into the pBACe3.6 vector [26] . Since then, additional BAC libraries have been generated from the same S. purpuratus individual to extend the original coverage and also from genomic DNA isolated from seven other echinoderm species (Table 1 ). The clones from these libraries provide an invaluable experimental platform that can be used in the following ways: (1) as a stable source of genomic DNA to confirm repetitive and/or complex regions of the assembled genome sequence and (2) as starting material to generate specific constructs for in vivo localizing transcript expression, analyzing gene regulation or rescuing protein function (Table 2 ). These BAC libraries from S. purpuratus, as well as similar libraries from Lytechinus variegatus, have been used to identify regulatory regions crucial to the generation of the gene regulatory network model describing endomesodermal development in early embryogenesis of these species [21] . Details of the library coverage, construction and screening methodology can be found in Cameron et al. [25] . Several features of the pBACe3.6 vector used for these libraries are relevant for constructing reporter constructs using homologous recombination. The insert is flanked by NotI sites that can be used to release the insert from the vector for the majority of BAC clones. Data from digesting randomly selected BAC indicate that 10-15% of S. purpuratus BAC inserts (from the 150 kb library) contain endogenous NotI sites. In these cases, reporters can be linearized for microinjection using another rare-cutting restriction enzyme (two closely spaced sites AscI are present in pBACe3.6 near the cloning site). Alternatively, the pBACe3.6 vector contains a PI-SceI homing endonuclease recognition site that can be used to linearize the construct without affecting the insert. This low-copy vector confers antibiotic resistance to chloramphenicol.
Identifying BACs of interest using bioinformatics
In addition to traditional hybridization-based techniques for screening BAC libraries [25, 47, 57] , BAC inserts that encompass genes of interest can be identified computationally. In the course of the ongoing S. purpuratus genome sequencing project, 7734 sequenced BAC clones (eBACs) that were used in the original CAPPS protocol have been mapped to the assembly (version 3.1). These BAC inserts overlap with 221 726 exons in 13 566 gene models (of 29 130 total). Additional information on the distribution and location of the BAC inserts was obtained by sequencing single ends (BAC-ends) of 182 536 randomly selected BACs. These sequences are also mapped to the genome assembly (v3.1). The positions of these sequences are shown on the genome browser hosted at Echinobase (www.echinobase.org) in relationship to other genomic features (e.g. genes or transcripts of interest). This 'clone by computer' method has greatly reduced the time to identify and use a genomic region for gene discovery or regulatory function studies.
BACs serve as a stable, invariant sequence for confirming the genome assembly Echinoderms are outbred animals that exhibit high levels of heterozygosity (an estimated 4-5% in S. purpuratus [58] ). Inbred lines are not currently available for any echinoderm species, which may reflect high numbers of deleterious recessive alleles [59] . Following their use as a framework for the original S. purpuratus genome assembly [8] , BAC clones continue to provide additional resolution for complex regions that could not be properly assembled (e.g. the SpTransformer genes [51] ) or as second sources of linkage information for regions with tandemly repeated genes (e.g. the unusually organized sea urchin hox gene cluster or the unexpectedly linked Rag1 and Rag2 genes [47, 50] ; Table 2 ). These clones are particularly valuable as they originate from the same genomic DNA used for the genome assembly and thus have identical sequence. In a minority of cases, insert structure can also be confirmed using other sources of information, such as comparison with genomic DNA blots generated using pulsed-field gene electrophoresis. These comparisons are sometimes complicated by the fact that a small percentage of genomic regions appear to be unstable in large BAC clones (about 3% of genes could not be recovered in large BAC inserts in attempts to isolate clones containing 96 transcription factor homologs). There is not a necessarily clear relationship, however, between genomic complexity and stability in BAC inserts (e.g. some clones with tandem arrays of highly similar genes appear to be stable). Furthermore, genes of interest for which clones are difficult to identify in large insert BAC libraries are often recoverable in BACs that harbor smaller inserts; small BAC libraries (average insert size is 50 kb) are available for several echinoderm species (Table 1) .
Recombineering: methods and pitfalls
Large insert clones provide more realistic genomic backgrounds for experimental analysis of regulatory control. However, precisely manipulating sequences in this context presents challenges. For example, restriction digests, ligation and transformation are significantly more complex for BAC clones relative to smaller plasmids. These difficulties are overcome through the use of homologous recombination (reviewed in [60, 61] ). Recombineering (recombination-mediated genetic engineering), which has been refined over the past two decades, yields precisely modified BAC inserts by inducing the expression of phage-derived recombination machinery in bacteria that harbor both the BAC clone of interest and a 'recombination cassette' that is used to guide the modifications. Many strategies can be used to generate BAC-based reporter constructs; a general overview is shown in Figure 1 .
The region of interest (this is typically an exon but may also be intronic or regulatory sequence) is targeted using short (50-200 nucleotide) 'arms' that are identical to the sequence flanking the portion of BAC that will be eliminated. Although short homology arms (30-50 nt) are sufficient to effect recombination [62] , longer arms increase the efficiency of this process [63] . A recombination cassette is constructed in which the recombination arms flank the sequence to be added (e.g. coding sequence for a fluorescent protein) as well as a sequence used for selection (e.g. antibiotic resistance). The inserted sequence often includes a complete coding sequence, including a stop codon and a 3 0 untranslated region (e.g. SV40 3 0 UTR) for messenger RNA (mRNA) stability. The BAC of interest and the recombination cassette are introduced into one of several bacterial strains modified for this technique using electroporation. Here, we will describe EL250 and SW105, although several others are available (reviewed in [61] ). These two strains are derivatives of DY380, a modified DH10B strain that contains a defective prophage k with the recombination genes bet, exo and gam under the transcriptional control of the temperature-sensitive cI857 repressor [64] . In this system, expression of the prophage recombination system is transiently induced by raising the temperature from 32 C to 42 C for 15 min, which de-represses the bet, exo and gam genes.
This tightly controlled system reduces off-target effects and viability problems that result from high gam expression. DY380 also contains a tetracycline resistance cassette. EL250 is a modified DY380 strain that includes an arabinose-inducible flippase (flpe) gene. This FLP recombinase mediates specific recombination between two flippase-recognition target (FRT) sites [65] . This offers one strategy to remove the selection marker from recombinant BAC clones ( Figure 1) . Here, the selection gene in the recombination cassette is flanked by FRT sites. During FLP-FRT recombination, the intervening sequence is removed, and only a single FRT site remains. An alternative recombineering strategy employs SW105 cells (EL250DgalK; Figure 1 ) [66] . In this two-step process, two recombination cassettes are constructed using identical homology arms. In the first cassette, the arms flank a sequence encoding galactokinase (galK). This enzyme catalyzes two reactions involved in galactose metabolism that enable positive and negative selection steps [67] . This galK recombination cassette is introduced with the target BAC into SW105 cells, and the temperature-controlled recombination machinery is activated. Bacteria are grown on minimal media in which galactose is the only carbon source [66] . Colonies containing recombinant BACs (galK þ ) are able to initiate galactose metabolism by phosphorylating galactose to galactose-1-phosphate, which is then further metabolized into glucose. The second step utilizes an additional recombination cassette in which the homology arms flank the sequence encoding a reporter protein or otherwise modified sequence. This cassette is introduced and recombined as above, but negative selection is used to identify recombinant (galK À ) BACs. Galactokinase also catalyzes the phosphorylation of the galactose analog 2-deoxy-galactose into the toxic compound 2-deoxy-galactose-1-phosphate, which cannot be further metabolized and leads to cell death [67] . Since the homology arms are identical during each recombination, this strategy generates 'seamless' BAC recombinants with no remaining selection cassettes or FRT sites.
Functional genomics using BACs

BACs as reporter constructs
One of the most powerful uses of recombinant BACs is to trace gene expression in living embryos or larvae. Other techniques for localizing transcripts (in situ hybridization) or proteins (immunohistochemistry) involve a fixation step that destroys fine morphological details. Consequently, imaging embryos in vivo provides far superior resolution for localizing gene expression. This is particularly true in echinoderms, which have optically transparent embryos and larvae that can be imaged at single-cell resolution. For this purpose, recombinant BACs can be generated as described above by inserting the coding sequence of a fluorescent protein into one of several locations within the gene of interest: (1) the start of transcription [31, 42] , (2) start of translation [27, 32, 34, 37, 40, 41] or (3) into an exon to generate a fusion protein [68] or to localize a specific isoform [28, 31] (Table 2) . When linearized and microinjected into fertilized eggs, recombinant BACs integrate into the genomic DNA and express the sequence encoding the fluorescent protein according to the regulatory information contained within the BAC, thereby faithfully recapitulating the expression pattern of the endogenous gene.
The Center for Computational Regulatory Genomics (CCRG) has generated a total of 108 recombinant BACs from 6 echinoderm species (www.echinobase.org; Table 1 ). These BACs reproduce the expression patterns of 66 different genes (mostly transcription factors) using 5 different fluorescent proteins [green fluorescent protein (GFP), red fluorescent protein, mCherry, Cerulean or the photoswitchable Dendra). For some BACs, the Cerulean protein is fused to the H2B histone, which localizes the fluorescent signal to the nucleus [69] . Stocks of these clones are maintained by the CCRG and are freely available on request.
An elegant implementation of this strategy is to insert multiple fluorescent proteins into a single BAC construct to assess alternative splicing or differential isoform expression (Figure 2 ). This technique has been used for the analysis of an alternatively spliced bHLH transcription factor expressed in the purple sea urchin known as E-protein (an ortholog of the vertebrate HEB, E2A and E2-2 proteins) [31] . This gene is expressed as two splice variants: a longer form known as E-Can and an alternative, shorter form (E-Alt). The E-Can transcript is the product of 22 exons within the E-protein locus. Transcription of E-Alt initiates at a short, unique (Alt) exon located between exons 8 and 9 that is spliced to the remaining 13 exons (10-22) of E-Can. This large Alternatively, a two-step process in which galK expression is first used to positively select recombinant clones grown on minimal media and then used as a means of negative selection to seamlessly construct BAC recombinants. (A colour version of this figure is available online at: https://academic.oup.com/bfg.) region of shared sequence interferes with in situ hybridization strategies to localize the two transcripts. Using homologous recombination, a 'double-fluorescent protein' BAC construct was generated such that the GFP coding sequence replaced the 1st exon of E-Can, and the mCherry coding sequence replaced the Alt exon. Image analysis of embryos injected with this single-BAC construct revealed that, whereas E-Can (GFP) is expressed ubiquitously, E-Alt (mCherry) expression is restricted to mesodermal immune cells. Furthermore, although the two isoforms are initially co-expressed during mid-blastula stage, this double-fluorescent BAC enabled the visualization of two mutually exclusive expression domains [31] .
BACs as rescue constructs
Recombinant BACs also provide an experimental strategy to rescue gene expression in functional perturbation experiments (Figure 3) . One common technique to interfere with protein function in echinoderm embryos is the use of Morpholino antisense oligonucleotides (MASOs) [70] . These oligonucleotides anneal to the transcript of interest either near the start of translation (which prevents protein synthesis) or near a splice site (which inhibits correct splicing to cause a premature stop codon). To demonstrate causality between an observed phenotype and perturbation of a specific gene, a rescue experiment can be performed in which the gene of interest is experimentally reintroduced in the context of the perturbation. Often, however, this is done in an unregulated manner by injecting mRNA or using a promoter that drives ubiquitous expression at much higher levels than the endogenous gene, which may complicate interpretation of results, particularly for genes expressed at low levels in few cells. Here, recombinant BACs provide an elegant solution. BACs can be engineered in which the MASO target site is mutated to prevent annealing ( Figure 3A ). This technique was used to analyze the function of the transcription factors gata1/2/ 3 and scl in mesodermal differentiation in the sea urchin embryo [34] . To rescue the phenotypic consequences of gata1/2/3 perturbation, embryos were microinjected with the following: (1) a MASO that interfered with gata1/2/3 translation; (2) a recombinant BAC that expressed GFP under the regulatory control of gata1/2/3 to trace cells that endogenously express this transcript (which was resistant to the effects of the MASO) and (3) a recombinant BAC in which the gata1/2/3 MASO binding site was mutated (the 'rescue' BAC) or an arbitrary control BAC. Analysis of transgenic embryos indicate that when fluorescent signal was present in developing mesoderm (indicating that the BAC integrated correctly to rescue expression; Figure 3B ), in the presence of the rescue BAC, development proceeded normally. In contrast, in embryos that either received the control BAC or in which fluorescence was not evident in the mesoderm, development was impaired [34] . Similar results were obtained in parallel experiments that targeted scl. Although this strategy may be insufficient to rescue phenotypes for widely expressed genes, it has been successful for genes with limited expression domains.
Using BACs to establish and validate gene regulatory network circuitry
Recombinant BACs are invaluable tools for elucidating the transcription factor inputs that activate, maintain and repress expression of a specific gene, a process known as gene regulatory network (GRN) analysis. The genomic program of development can be described by a series of interacting networks of regulatory genes that lead to the elaboration of structure and more cell types over time [71] . BAC engineering provides an efficient method to identify and manipulate cis-regulatory modules (CRMs). Specific transcription factor binding sites can be assayed by mutating these sites and analyzing the subsequent effects on spatiotemporal expression of the reporter gene relative to wild type [42] . Alternatively, deletion of complete CRM sequences can be achieved using homologous recombination to replace the region of interest with an antibiotic resistance gene. Flanking the resistance gene with frt sites enables its elimination through the inducible expression of FLP recombinase [42] . Using a recombinant BAC is particularly advantageous for performing this type of experiment in the highly outbred echinoderm species. Individual purple sea urchin genomes exhibit an estimated 4-5% heterozygosity [72] , which is significant when analyzing a large (up to 30 kb) regulatory region. In contrast to the variable environment generated by modifying the germ line DNA directly, BACs provide a constant sequence for experimental manipulation.
The regulatory causality that is experimentally established with the aid of recombinant BACs is used to form the network models that describe development. Circuitry within these networks can be validated in vivo using BAC-based misexpression experiments [45] . For example, GRN analysis predicted that the aboral mesoderm (pigment cell precursors) program was initiated by the transcriptional activation of the transcription factor gcm as a consequence of Delta/Notch (D/N) signaling. The GRN indicated that D/N signaling was the only time-dependent gcm input and that this factor was sufficient to induce the pigment cell fate. To test this in vivo, a recombinant BAC was generated in which the coding sequence of gcm replaced the first exon of tbrain (tbr). Tbr is exclusively expressed in the primary mesenchyme cells (PMCs; skeletogenic lineage). Endogenous tbr expression begins $8 hpf, which is several hours prior to gcm (which is expressed beginning $12 hpf). The temporal delay between tbr and gcm expression provides the opportunity to synthetically 'rewire' the network by artificially inducing ectopic gcm expression and monitoring expression levels of downstream genes. The recombinant BAC (designated tbr:GCM) was used in combination with a tbr GFP reporter BAC (tbr:GFP) to trace transgenic cells. The results of this experiment not only confirmed the GRN prediction (gcm expression was sufficient to induce pigment cell differentiation genes) but also revealed a previously unknown repressive function (activation of gcm led to a downregulation of the skeletogenic program in GFP þ cells [45] ). This experimental strategy highlights the utility of recombinant BAC constructs to not only express reporter genes but also express other functional sequences.
High-throughput GRN analysis using BACs
The purple sea urchin uses the majority of the transcription factors encoded in its genome during the first 72 h of development [73] . The recombinant BACs discussed here offer efficient highthroughput opportunities for parallel cis-regulatory analyses.
A recent case study on a diverse suite of previously unstudied sea urchin effector genes expressed in skeletogenic cells illustrates this approach [56] . Positively active cis-regulatory modules in each BAC containing a gene of interest were located in single Nanostring quantification experiments through the use of 'barcode' tag expression vectors of which >100 can be analyzed simultaneously. When the DNA sequences that drive expression are narrowed down in this way, computational analysis based on the known skeletogenic regulatory state can lead to the effective identification of functional target site clusters. Subsequent deletion of these subregions from the parent BACs revealed the necessity for a particular module, whereas simultaneous tests of the same regions in short construct revealed sufficiency. The predicted functional inputs are then confirmed by site mutations. The described steps are all conducted in multiplex formats, which permit analysis of a cohort of genes at once. These experiments revealed the simple conclusion that each effector gene utilizes a small subset of inputs from the previously well-defined skeletogenic GRN.
BACs in comparative genomics
Finally, cross-species transfer of recombinant BACs provides a novel mechanism to understand the evolution of regulatory networks [53] . The CCRC maintains BAC libraries from eight species that span a range of evolutionary distances (Table 1) . Several studies indicate that CRM architecture can change dramatically even among closely related species [74] . This is illustrated by an analysis using recombinant BACs from two sea urchin species, S. purpuratus and L. variegatus, which shared a last common ancestor about 50 million years ago [75] . Recombinant BACs were generated for four transcription factors (two from each species) and microinjected into fertilized eggs from the opposite species. Among embryos with fluorescent signal, 89-100% exhibited the correct spatial expression domains [53] . This level of conservation may be somewhat higher than other genes, as the genes tested have regulatory functions that are evolutionarily stabilized within the network architecture.
Conclusions: BAC clones in an era of genome editing
Large-insert BAC libraries were integral in assembling the first complex animal genome sequences. Even in an era of rapid electronic access to genome sequences and in vivo genomic modification strategies (e.g. the CRISPR/Cas9 system) [76, 77] , these libraries remain valuable experimental resources, particularly for outbred, polymorphic organisms. BAC clones provide a constant source of DNA that can be used to assemble repetitive genomic regions or as a defined haplotype in regulatory analysis. Homologous recombination in the context of a BAC is more tightly controlled than genome editing, which eliminates potentially confounding off-target effects. This is particularly important when working with nonmodel organisms or those that lack a sequenced genome, in which the specificity of guide RNAs cannot be predicted computationally. Finally, introducing an exogenous BAC construct to analyze gene expression using a reporter provides a sufficiently large genomic context necessary for investigating gene regulatory control but does not affect the regulatory state of the endogenous genes. In fact as CRISPR/Cas9 systems become commonplace, engineered transgenic BACs offer a complementary tool to provide highly regulated reporters or wild-type controls as well as modified gene products for testing in the context of altered genetic backgrounds. Thus, BAC clones continue to provide stable, defined resources that enable novel experimental pursuits in a wealth of genetically polymorphic organisms to shed light on fundamental questions in developmental and evolutionary biology.
Key Points
• Bacterial artificial chromosome (BAC) libraries were integral in the sequencing and assembly of the purple sea urchin genome. These resources continue to aid in genomic analysis of echinoderm species even as sequencing strategies evolve.
• BACs provide reproducible and stable sources of DNA for experiments in polymorphic animals.
• Homologous recombination can be used to construct functional reporter transgenes with little foreknowledge of gene regulatory control mechanisms.
• Recombinant BACs serve as platforms to precisely modify regulatory DNA in the context of large genomic regions and to express modified coding regions under strict genetic control.
• Data from these experiments can be used to efficiently generate gene regulatory network models. 
